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IN THE UNITED STATES PATENT & TRADEMARK OFFICE 
IN RE APPLICATION OF : 

HIROKUNI SHIRONO ET AL : ATTN: APPLICATION DIVISION 

SERIAL NO: NEW U.S. PCT APPLN : 
(Based on PCT/JP00/06507) 

FILED: HEREWITH : 

FOR: SURFACE-MODIFIED FINE 
SILICA POWDER AND USE 
THEREOF 

PRELIMINARY AMENDMENT 

ASSISTANT COMMISSIONER FOR PATENTS 
WASHINGTON, D.C. 20231 

SIR: 

Prior to examination on the merits, please amend the above-identified application as 
follows: 

IN THE CLAIMS 

Please cancel Claims 1-12. 

Please add the following new claims: 

13. (New) A surface-modified fine silica powder having a high adsorbing ability for 
an anion source compound, 

wherein said powder is obtained by a surface-modified treatment process comprising 
that more than lOmmol of a treating agent containing an amino group is added under dry- 
process in nitrogen atmosphere to 1 OOg of the fine silica powder which is a fumed-silica 
obtained by a flame hydrolysis method, having the specific surface area of 50 to 400m 2 /g by 
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the BET method; and after holding the reactant under heating and vigorous stirring, the 
obtained powder has been surface-modified, and 

wherein the adsorption amount of the anion source compound which is a surfonate or 
a carboxylate, to the surface-treated fine silica powder is more than 150% of that of the 
original powder before the surface-treatment. 

14. (New) The surface-modified fine silica powder according to claim 13, wherein 
the nitrogen content is 0.3 to 1.0%, and the adsorption amount of sodium benzenesulfonate is 
15 to 60%, after the surface-treatment. 

15. (New) The surface-modified fine silica powder according to claim 13, wherein 
the adsorption amount of the anion source compound is made to more than 150% of that of 
the original powder before the surface-treatment, by surface-treating with a treatment reagent 
containing amino group comprising the organic silicon compound having hydrolysis group or 
silanol group combined with silicon atom, and at least one amino group. 

16. (New) The surface-modified fine silica powder according to claim 15, 
wherein the surface treating is done by using one or more of the treatment reagent 

containing amino group is an organosilane shown in the general formula [1] of 
(Rl) n (R2)SiY (3 _ n) , where Rl is a mono valence hydrocarbon group, R2 is a hydrocarbon group 
containing more than one amino group, Y is a hydrolysis group or a hydroxy] group, and n is 
0, 1, or 2. 

17. (New) The surface-modified fine silica powder according to claim 13, wherein 
said fine silica powder is hydrophilic, and is used as the material of the ink acceptor layer of 
the printing material. 

18. (New) A low viscosity silica slurry comprising the fine silica powder according 
to claim 13, wherein the adsorption amount of the anion source compound is more than 150% 



of that of the original powder before the surface-treatment, the specific surface area is 200 to 
400m 2 /g by the BET method, nitrogen content is 0.3 to 1 .0%, and the viscosity is 1 to 
50mPa s under pH of 3 to 6 and the silica concentration is 15 to 30%. 

19. (New) A forming material of the ink acceptor layer containing 5 to 30% of the 
surface-modified fine silica powder according to claim 13. 

20. (New) An ink jet printing material coated with the liquid comprising the material 
of the ink acceptor layer according to claim 19. 
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REMARKS 

Claims 13-20 are active in the present application. Claims 1-12 have been cancelled. 

Claims 13-20 are new claims. Support for the new claims is found in the original claims and 

in the specification, for example on page 10, lines 4-8. No new matter is believed to have 

been added by this amendment. An action on the merits and allowance of claims is solicited. 

Respectfully submitted, 

OBLON, SPIVAK, McCLELLAND, 
MAIER & NEUSTADT, P.C. 

Norman F. Obion 
Attorney of Record 
Registration No. 24,618 

Stefan U. Koschmieder, Ph.D. 
Registration No. 50,238 
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Fax#: (703)413-2220 
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Marked- Up Copy 

Serial No: 

Amendment Filed on: 



IN THE CLAIMS 
Claims 1-12 have been cancelled. 
Claims 13-20 are new claims. 



-5- 



fiin o s e ± o ,1. ... HfCT$^1dRjQ *i n 7 
JC13 Rec'd PCT/PTO 2 2 MAR 2002 

[TITLE OF THE INVENTION] 

Surface -modified fine silica powder and use thereof 

[Field of the invention] 

Present invention relates to a surface modified fine silica powder 
suitable as a material of an ink acceptor layer having the excellent printing 
effect, and its forming liquid or a printing material. Concretely, the present 
invention relates to the surface-modified fine silica powder having the 
excellent printing effect by being the adsorption amount of an anion source 
compound as an index and making its amount to more than a constant level, 
and its application to the ink acceptor layer. Especially, the surface-modified 
fine silica powder of the present invention is suitable as various printing 
materials for an ink-jet printing. 

[Discussion of the background] 

The ink acceptor layer has been coated on a surface of a recording 
paper used for printers of an electric instrument etc., in order to raise the 
printing effect, i.e. clear nature and fixing property etc. of ink. As a material of 
this ink acceptor layer, the materials having good fixing property without 
blotting with ink have been used, and the fine silica powder also has been used 
as one of said materials. However, when the fine silica powder is used for the 
ink jet printer, which has been widely spread recently, the blotting with ink 
may occur on the surface of the recording paper at the time of printing, so that 
its improvement is acquired. 
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Although various surface-modified treatments has been conventionally 
known about the fine silica powder, it has been not known yet that the process, 
in which the printing effect is improved basing on the specific index about the 
surface-treatment. Therefore, when some surface -modified fine silica powders 
are used as the material of the ink acceptor layer, the printing effect cannot be 
improved sufficiently. Especially, in the printing materials used for ink-jet 
printing, sufficient effect may not be obtained. 

Moreover, although the conventional fine silica powder has been used 
as a viscosity increasing reagent, when said fine silica powder is added to a 
coating material or printing ink etc., there are some problems in which the 
viscosity of slurry becomes high rapidly and the viscosity preparation becomes 
difficult when the much amount of fine silica powders is added. 

[Object of the invention] 

Present invention solves above-mentioned problems, and provides the 
surface modified fine silica powder suitable as the material of the ink acceptor 
layer or the printing material etc. used for the ink-jet printing etc., by making 
the adsorption amount of the anion source compound as the index, and 
surface-treating until that said adsorption amount becomes more than the 
constant level. In addition, the present invention also provides the material of 
the ink acceptor layer or the printing material, which uses this 
surface -modified fine silica powder. Moreover, as a concrete example of the 
above-mentioned surface -modified fine silica powder, the present invention 
also provides the fine silica powder surface treated with a specific silane 
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compound containing an amino group. Furthermore, with above-mentioned 
properties, when the surface modified fine silica powder of the present 
invention is used to make the silica slurry, the silica slurry, in which the 
viscosity is remarkably lower than that of using the conventional fine silica 
powder and the flowability is excellent, can be obtained. 

[Disclosure of the invention] 

The surface modified fine silica powder of the present invention is 
surface -treated, until that the adsorption amount of the anion source 
compound becomes more than 150% of that of the untreated original powder. 
By doing such surface-treatment, when said fine silica powder of the present 
invention is used as the material of the ink acceptor layer, the excellent 
printing effect being free from blotting with ink can be obtained. As the 
surface-treatment reagent, the treatment reagent containing an amino group 
is used suitably. As the anion source compound, a sulfonate and a carboxylate 
can be used. These acid salts are combined easily with the amino group 
induced on the surface of the fine silica powder by the surface-treatment, so 
that said acid salts are suitable as the index being the surface-treatment 
degree. Regarding the surface-modified fine silica powder of the present 
invention, it is preferable that fumed sihca having the specific surface area of 
50 to 400m 2 / g by the BET method is used as the original powder. By using 
fumed sihca having this specific surface area, the surface modified fine silica 
powder having high adsorption amount to the anion source compound, can be 
obtained. 
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The surface-modified fine silica powder of the present invention is 
surface-treated with the treatment reagent containing the amino group having 
a radical group, for example, an organosilane having a hydrolysis group or a 
silanol group with the amino group, in which said organosilane is shown in the 
general formula [l] of Rl n ' R2SiY (3 n ) preferably. By using such treatment 
reagent containing the amino group, the hydrolysis condensation reaction 
between the fine silica powder and the surface treatment reagent advances, so 
that the surface-modified fine silica powder having the amino group on the 
surface can be obtained suitably. Since this amino group is combined 
chemically with the silicon atom on the surface of silica, said amino group does 
not separate and change easily with the passage of time. In addition, by using 
more than two kinds of surface-treatment reagents containing the amino 
group, the amino group having different reactivity can be induced on the 
surface of the surface-modified fine silica powder. By inducing the amino group 
having different reactivity, the reactivity to the anion source compound 
becomes widely rather than the case of treating with the surface-treatment 
reagent containing one kind of the amino group, so that more kinds of the 
anion source compounds can be corresponded. 

Moreover, the surface modified fine silica powder of the present 
invention is surface-treated with the silane compound containing amino group, 
and the amino group having the amount of more than constant levels is 
induced on the surface of silica, so that the silica slurry having low viscosity 
also with high slurry concentration can be obtained. 
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That is, the present invention relates to the surface-modified fine silica 
powder comprising the following constitutions, and its application. 

(1) A surface-modified fine silica powder for adsorbing the anion source 
compound, 

wherein the adsorption amount of the anion source compound to the 
surface treated fine silica powder is more than 150% of that of the original 
powder before the surface treatment. 

(2) The surface modified fine silica powder according to 
above-mentioned (l), 

wherein the anion source compound is the surfonate or the carboxylate, and its 
adsorption amount is more than 150% of that of the original powder before the 
surface-treatment. 

(3) The surface -modified fine silica powder according to 
above-mentioned (l), 

wherein the anion source compound is sodium benzenesulfonate, and its 
adsorption amount is more than 15% of the additive amount to the fine silica 
powder. 

(4) The surface -modified fine silica powder according to 
above-mentioned (l), 

wherein the nitrogen content is 0.3 to 1.0% and the adsorption amount of 
sodium benzenesulfonate is 15 to 60%, after the surface treatment. 

(5) The surface-modified fine silica powder according to any one of 
above-mentioned (l) to (4), 

wherein the adsorption amount of the anion source compound is made to more 
than 150% of that of the original powder before the surface-treatment by 
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surface -treating with a treatment reagent containing amino group , which 
comprises the organic silicon compound having the hydrolysis group or the 
silanol group combined with the silicon atom, and more than one kind of amino 
group. 

(6) The surface -modified fine silica powder according to 
above-mentioned (5), 

wherein the treatment reagent containing amino group is surface treated with 
an organosilane shown in the general formula [l] of (Rl) n • (R2)SiY(3- n ), where 
Rl is a monovalence hydrocarbon group, R2 is a hydrocarbon group containing 
one or more amino groups, Y is a hydrolysis group or a hydroxyl group, and n 
is 0, 1, or 2. 

(7) The surface-modified fine silica powder according to 
above-mentioned (6), 

wherein lOOg of the fine silica powder is surface-modified under dry-process 
using more than lOmmol of one or more than two kinds of organosilane shown 
in the formula [l]. 

(8) The surface-modified fine silica powder according to any one of 
above-mentioned (l) to (7), 

wherein the original fine silica powder is fumed silica having the specific 
surface area of 50 to 400m 2 / g by the BET method. 

(9) The surface-modified fine silica powder according to any one of 
above-mentioned (l) to (8), 

wherein said fine silica powder is hydrophihc, and is used as the material of 
the ink acceptor layer of the printing material. 

(10) A low viscosity silica slurry comprising the fine silica powder 
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according to above-mentioned (l), 

wherein the adsorption amount of the anion source compound is more than 
150% of that of the original silica powder before the surface treatment, the 
specific surface area is 200 to 400m 2 / g by the BET method, nitrogen content is 
0.3 to 1.3%, and the viscosity is 1 to 50mPas, under pH of 3 to 6 and the silica 
concentration is 15 to 30%. 

(11) A forming material of the ink acceptor layer containing 5 to 
30% of the surface-modified fine silica powder according to any one of 
above-mentioned (l) to (10). 

(12) An ink jet printing material coated with the liquid comprising 
the forming material of the ink acceptor layer according to above-mentioned 
(11). 

[Best embodiment of the invention] 

Hereafter, the present invention is explained concretely with the 
embodiments. In addition, % is weight % unless it is shown especially. 

The surface-modified fine silica powder of the present invention is that 
the adsorption amount of the anion source compound to the surface-treated 
fine silica powder is more than 150% of that of original silica powder before the 
surface-treatment. The anion source compound means the compound that has 
the anion group combined with the amino group induced on the surface of the 
fine silica powder, for example, the sulfonate or the carboxylate etc. Concretely, 
as the sulfonate, toluenesulfonate, benzenesulfonate, and 
naphthalenesulfonate, such as sodium ptoluenesulfonate, sodium 
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benzenesulfonate, sodium lnaphthalenesulfonate, sodium 

2-naphthalenesulfonate, and 2 sodium 2,6-naphthalenesulfonate, can be used. 
As the carboxylate, benzoate and naphthalenecarboxylate, such as sodiumu 
benzoate, sodium pmethylbenzoate, sodium 1 -naphthalenecarboxylate, 
sodium 2-naphthalenecarboxylate, can be used. 

The surface -modified fine silica powder of the present invention shows 
the surface-modified degree by making the adsorption amount of the anion 
source compound as the index. Moreover, said fine silica powder has higher 
adsorption amount of the anion source compound than the untreated original 
powder. Specifically, the adsorption amount of the anion source compound is 
more than 150% of that of the original powder before the surface treatment. 
Since the surface-modified fine silica powder of the present invention has such 
high adsorption ability, when said fine silica powder is mixed in the ink 
acceptor layer etc., the blotting with ink can be prevented effectively. In 
addition, when this adsorption amount is less than 150%, the 
surface-treatment degree is not enough, and the blotting with ink etc. can not 
be prevented sufficiently. 

As the example of the adsorption amount of the anion source 
compound, the adsorption amount of sodium benzenesulfonate is mentioned. 
The example of the surface-modified fine silica powder of the present invention 
is that the adsorption amount of sodium benzenesulfonate is more than 15% of 
the additive amount to the fine silica powder having basic amount. That is, as 
the concrete example, the fine silica powder is mentioned, in which said fine 
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silica powder can adsorb more than 15% of sodium benzenesulfonate, when 
100ml of sodium benzenesulfonate aqueous solution having 2.5mmmol / g is 
added to 2g of the surface treated fine silica powder. Regarding said fine silica 
powder, the adsorption amount after the surface-treatment is about more than 
150% of that of the original powder before the surface treatment in general. 
Regarding the fine silica powder being the adsorption amount of sodium 
benzenesulfonate of less than 15%, the blotting with ink can not be prevented 
sufficiently, when it is mixed in the ink acceptor layer. 

In addition, the adsorption amount of the anion source compound can 
be determined, by measuring the amounts of the anion source compounds in 
the aqueous solutions before and after. Concretely, for example, the adsorption 
amount of the anion source compound to the fine silica powder can be 
determined by the way that the fine silica powder having constant amount is 
added to the anion source compound aqueous solution to be dispersed with 
stirring, and the fine silica powder is removed after the fixed time. Then, the 
concentrations of the anion source compounds contained in the aqueous 
solutions before adding the fine silica powder and after removing the fine sdica 
powder, are measured by a spectrophotometer etc., to determine the adsorption 
amount of the anion source compound by this concentration difference. 

The surface-modified fine silica powder of the present invention has 
the specific surface area of more than 50m 2 / g by the BET method, preferably 
more than 200m 2 / g, more preferably 250m 2 / g. When this specific surface 
area is less than 50m 2 / g, the induced amount of the amino group per unit 
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surface area is limited at the time of surface -treating, so that the fine silica 
powder cannot have high adsorption ability to the anion source compound. 
Moreover, the fine silica powder by the vapor phase method having the specific 
surface area of more than 400m 2 / g, is not commercially produced now. When 
this specific surface area is too large, the induced amount of the amino group is 
restricted naturally. Therefore, it is suitable that the particle size of silica has 
the specific surface area of 50 to 400m 2 / g by the BET method. 

Moreover, it is preferable that the surface-modified fine silica powder 
is the fine powder made by the vapor phase method, i.e. , fumed-silica. Since 
the silica powder obtained by wet-process has the large agglomerated particles, 
it is difficult to modify uniformly with the aminosilane on the surface of 
particle. Therefore, the adsorption amount to the anion source compound 
becomes low. Moreover, since a transparent feeling does not come out when the 
ink acceptor layer is formed, it is not desirable. As the example of the 
production by the vapor phase method, the flame hydrolysis method using 
tetrachlorosilane as a raw material is known. As the silica powder made by the 
vapor phase method, for example, the products made by NIPPON AEROSIL 
Co., Ltd. (Tradenames are Aerosil 1200, Aerosil 1200CF, Aerosil 1300, Aerosil 
1300CF, Aerosil 380, and Aerosil 380S), the product made by Cabot Co. 
(Tradename is Cabosil), the product made by Wacker Co. (Tradename is HDK), 
the product made by Tokuyama Co. (Tradename is Reorosil), etc., are used. 

The fine silica powder made by the vapor phase method has the 
hydroxyl group on the surface, and although said fine silica powder has the 
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adsorption ability to the anion, its amount is low. The adsorption amount of the 
anion source compound is about several % to several 10 % in the case of the 
untreated fine silica powder. Therefore, the fine silica powder of the present 
invention is surface-treated, with the treatment reagent containing the amino 
group preferably, until the level showing that the adsorption amount is more 
than 150% of that of the untreated original powder. 

As mentioned above, the surface modified fine silica powder is 
surface-treated with the treatment reagent containing the amino group 
preferably, and its nitrogen content is more than 0.3%. When the nitrogen 
content is less than 0.3%, the adsorption ability to sodium benzenesulfonate is 
low, and the adsorption amount of more than 15% can not be obtained. In 
addition, regarding the amount of the amino group induced on the surface of 
silica by the surface -modified treatment, about 1% of nitrogen content is a 
limit from various conditions, and at this time, the adsorption amount of 
sodium benzenesulfonate is about 60%. 

It is available that the amino group induced on the surface of the fine 
silica powder has any one or more kinds of the 1st class amine, the 2nd class 
amine, the 3rd class amine, or the 4th class ammonium salt. As such 
treatment reagent containing the amino group, an organic silicon compound is 
preferable, in which said silicon compound has at least one of the hydrolysis 
group or the silanol group connected directly with silicon atom in 1 molecule, 
and at least one of the hydrocarbon group having more than one of the amino 
group connected with silicon atom by carbon-silicon bond. By using such 
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organic silicon compound, these hydrolysis and silanol groups occur the 
condensation reaction with the silanol group on the surface of the fine silica 
powder by the hydrolysis etc., so that its formed compound is fixed chemically 
on the surface of fine silica powder. That is, the fine silica powder having the 
amino group on the surface can be obtained, by fixing the organic silicon 
compound having the amino group on the surface of the fine silica powder, and 
the anion compound can be adsorbed on the surface of silica by the cation 
property of the amino group. 

As such organic silicon compound, for example, the organosilane 
shown in the following general formula [l] is suitable. 

RlnR2SiY(3„) [1] 

where, Rl is a monovalence hydrocarbon group, R2 is a hydrocarbon group 
having more than one of the amino group, Y is a hydrolysis group or a hydroxyl 
group, n is 0, 1, or 2. 

This hydrolysis group (Y) etc. is connected with the silanol group etc. 
on the surface of fine silica powder to induce the amino group (R) on the 
surface of silica. Moreover, the hydrocarbon group (Rl) etc. is connected with 
other hydrolysis group etc. to have high adsorption strength to the surface of 
silica. 

As this organic silicon compound, for example, 
Y-aminopropyltrimethoxy silane, y aminopropyltriethoxy silane, Y"(2 amino 
ethyl) aminopropyltrimethoxy silane, y(2 amino ethyl) aminopropyltriethoxy 



12 



.1,0 O 'B B Ji.:'li ,;1L 



O B B IliLiiir!: 



silane, 



N phenyl v aminopropyltrimethoxy 



silane, 



Nphenyl-yaminopropyltriethoxy 



silane, 



or 



octadecyldimethyl(3 (trimethoxysilil)propyl) ammoniumchloride, etc., can be 
used concretely. It is available that one or more than two kinds of these 
reagents can be used. By using more than two kinds of these reagents, the 
amino group having different reactivity can be induced on the surface. By 
inducing the amino group having different reactivity, the width of reactivity 
spreads rather than the case of surface-treating with one kind of the treatment 
reagent containing the amino group, and can correspond to more kinds of the 
anion source compound. 

It is suitable that the using amount of the surface treatment reagent is 
more than lOmmol (lOmmol / lOOg), preferably more than 30mmol (30mmol / 
g), to lOOg of the fine silica powder. When the using amount of the treatment 
reagent is less than this amount, the surface-treatment effect is not obtained 
sufficiently. In addition, the number of silanol, which reacts with the amino 
group in the silane compound containing the amino group, is almost constant 
per unit area on the surface of silica, and the amount of the induced amino 
group is limited for the three-dimensional obstruction of the coated alkyl group. 
Incidentally, the amount of nitrogen after the surface treatment is about 1% in 
general, even when the specific surface area of silica is large. 

It is preferable that the surface treatment is done by the dry-process. 
Conventionally, the wet-process is known in general, in which the silica is 
surface-treated in water by dropping amino silane to disperse (Journal of the 
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Japan Society of Colour Material, Vol. 55, No. 9, P630 - 636, 1986). However, by 
this wet-process, in the case of the silica made by the vapor phase method, 
since the viscosity increasing is very high, the silica cannot be dispersed in 
water with high concentration. Therefore, the surface treatment may not be 
done uniformly. Moreover, in the wet-process, it is necessary to dry after the 
surface-treatment, so that the treatment process becomes complicated. 
Furthermore, at the time of drying, the agglomeration occurs easily between 
the silica particles by the capillary tube pressure, and pulverizing is necessary, 
so that it is not economical. In addition, in the treatment process using 
hydrophobic reagent, which is also the dry-process, the surface treated silica is 
hydrophobic, and cannot be dispersed in water, so that this process is not 
suitable to the ink acceptor layer comprising the material like water. And 
said dry-process is preferably done under heating and vigorous stirring in 
nitrogen atmosphere. 

Since the surface -modified fine silica powder is connected with the 
amino group on the surface, said fine silica powder having the specific surface 
area of 200 to 400m 2 / g by the BET method contains about 0.3 to 1.0% of 
nitrogen, and becomes the low viscosity slurry when it is used as the water 
slurry. For example, under pH of 3 to 6 and 15 to 30% of the silica 
concentration, the silica slurry has high flowability, in which the viscosity is 
less than 50mPas, preferably 1 to 50mPas. In addition, when the nitrogen 
content is less than 0.3%, the viscosity of the silica slurry in the standard 
range becomes more than 50mPa • s, so that the flowability decreases. 

14 



In the hydrophilic surface -modified fine silica powder of the present 
invention, when the ink acceptor layer coated on the surface of the printing 
paper is formed with the material like water, such as the slurry of the alcoholic 
solution etc., said surface modified fine silica powder can be dispersed 
uniformly into this material, so that the excellent ink acceptor layer can be 
formed. When the silica is hydrophobic, the dispersibility to such a material 
like water is low, so that the preferable ink acceptor layer cannot be formed. 

Moreover, by mixing the surface -modified fine sdiea powder with 
alcohol to become the silica slurry, the forming liquid of the ink acceptor layer 
can be obtained. It is suitable that the silica concentration of this liquid is 3 to 
30%. When the surface-modified fine silica powder is less than 3%, the additive 
effect is a little, and when the surface modified fine silica powder is more than 
30%, the viscosity of the slurry becomes high. Therefore, they are not suitable 
for coating the solution uniformly. By coating this ink acceptor layer on the 
surface of the printing paper, such as the recording paper etc., the printing 
material suitable for ink-jets can be obtained. 

[Example] 

Hereinafter, the examples of the present invention are explained with 
the comparison examples. In addition, in these examples, the adsorption 
amount and hydrophilic of the anion source compound are measured with the 
following processes. The results of these examples 1 to 6 and the comparison 
examples 1 to 8 are shown in Table 1. 
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Measuring the adsorption amount 

Sodium p-toluenesulfonate aqueous solution (2.5mmol/L) is put into a 
beaker, and added 2g of fine silica powders to disperse in this aqueous solution 
with stirring. After stirring for 5 minutes, this liquid is filtrated by a syringe 
having the filter, where a pore size is 0.45um, and this filtrate is taken out the 
glass sample bottle to be extracted 1ml correctly with a measuring pipet, and 
this extracted liquid is put into the volumetric flask to be diluted with pure 
water to 100ml. Next, the transparency of the predetermined wavelength 
(220.8nm) fight to the sample was measured using the spectrophotometer 
made by NIPPON BUNKO Co. (V-570). At this time, the quartz cell with 
capacity of 10mm adjusted to 100% with pure water was prepared, and pure 
water is put into a reference side and the above-mentioned diluted solution is 
put into a sample side. The measured value was calculated to obtain the 
adsorption amount by using the following formula (a). Then, the value of 
percentage of said calculated adsorption amount is determined as the sample 
adsorption amount. In addition, the adsorption amount of sodium 
benzenesulfonate can be calculated like above process. When the adsorption 
amounts of sodium benzoate and sodium 2-naphthalenesulfonate are 
measured instead of sodium p-toluenesulfonate, about sodium benzoate, the 
transparency is measured with the fight of the wavelength of 224.0nm, and the 
adsorption amount is calculated with the following formula (b). About sodium 
2 naphthalenesulfonate, transparency is measured with the light of the 
wavelength of 274.8nm, and the adsorption amount is calculated with the 
following formula (c). In addition, in the following formulas, Y is the 
concentration (mmol / L) of sodium p-toluenesulfonate in the extracted sample 
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liquid, X is transparency (%), and Z is the adsorption amount (mmol/L) to the 
silica. 

(a) Y=-4.32Ln(X) + 19.76, Z=2.5Y 

(b) Y=-5.42Ln(X) + 24.86, Z=2.5Y 

(c) Y=9.06Ln(X) + 41.76 Z=10Y 

Hydrophihc evaluation 

The hydrophilic is evacuated with the state, where the 
surface-modified fine silica powder is dispersed in water. Concretely, about 2g 
of the surface -modified fine silica powder is put into the beaker having capacity 
of 300ml, and 100ml of pure water is added to stir for one minute with the 
magnetic stirrer. Then, the fine silica powder, which floats on water, is 
determined as the hydrophilic powder. 

Measuring the nitrogen content 

The sample is oxidized at high temperature, and the generated NOx 
reacts with ozone to become the excited state. By measuring the light with the 
all nitrogen analysis equipment made by Mitsubishi Kagaku Co. (Trade name 
is TN"10) at the time of dropping the ground state from the excited state, the 
nitrogen content is determined. 

Example 1 

lOOg of the silica powder synthesized by the vapor phase method and 
having the specific surface area of 200m 2 / g by the BET method, in which its 
tradename was Aerosill200, was put into the mixer. Whde stirring under 
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nitrogen atmosphere, 20mmol / lOOg of 

N-p-(aminoethyl)-Y-aminopropyltrimethoxy silane dissolved in the same weight 
of methanol, in which said silane was made by the SHINETSU KAGAKU Co. 
and its tradename was KBM603, was dropped onto the silica powder. Then, 
the mixed powder was heated at 200t for one hour with stirring. After 
removing a volatile component, said mixed powder was cooled to be obtained 
the surface-modified fine sdica powder. The adsorption amount of sodium 
ptoluenesulfonate to this fine silica powder was 22%. In addition, the 
adsorption amount before the surface treatment was 12%, and therefore, the 
adsorption amount after the surface treatment was 183% of that before the 
surface-treatment. Moreover, this surface modified sihca powder was 
hydrophilic, and the nitrogen content was 0.50%. 

Example2 

lOOg of the sihca powder synthesized by the vapor phase method and 
having the specific surface area of 380m 2 / g by the BET method, in which its 
tradename was Aerosill380S, was put into the mixer. While stirring under 
nitrogen atmosphere, 53mmol / lOOg of vaminopropyltrimethoxy silane 
dissolved in the same weight of methanol, in which said silane was made by 
the SHINETSU KAGAKU Co. and its tradename was KBE903, was dropped 
onto the sihca powder. Then, the mixed powder was heated at 200^ for one 
hour with stirring. After removing the volatde component, said mixed powder 
was cooled to be obtained the surface-modified fine sihca powder. The 
adsorption amount of sodium benzoate to this fine sdica powder was 29%. In 
addition, the adsorption amount before the surface treatment was 15%, and 
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therefore, the adsorption amount after the surface-treatment was 193% of that 
before the surface -treatment. Moreover, this surface -modified silica powder 
was hydrophilic, and the nitrogen content was 0.56%. 

Example 3 

lOOg of the silica powder synthesized by the vapor phase method and 
having the specific surface area of 380m 2 / g by the BET method, in which its 
tradename was Aerosil 380S, was put into the mixer. While stirring under 
nitrogen atmosphere, 20mmol / lOOg of vaminopropyltrimethoxy silane and 
30mmol / lOOg of Y"(2 aminoethyl) aminopropyltrimethoxy silane, which were 
dissolved in the same weights of methanol, were dropped simultaneously, in 
which the former silane was made by the SHINETSU KAGAKU Co. and its 
tradename was KBE903, and the later silane was made by Dow Corning Toray 
Silicone Co. and its tradename was SH6020. Then, the mixed powder was 
heated at 200X3 for one hour with stirring. After removing the volatile 
component, said mixed powder was cooled to be obtained the surface -modified 
fine silica powder. The adsorption amount of sodium 2 naphthalenesulfonate to 
this fine silica powder was 14%. In addition, the adsorption amount before the 
surface-treatment was 8%, and therefore, the adsorption amount after the 
surface-treatment was 175% of that before the surface treatment. Moreover, 
this surface modified silica powder was hydrophilic. 

Comparison Examp le 1 

lOOg of the silica powder synthesized by the vapor phase method and 
having the specific surface area of 300m 2 / g by the BET method, in which its 
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tradename was Aerosil 1300, was put into the silica powder. While stirring 
under nitrogen atmosphere, 8mmol / lOOg of yaminopropyltrimethoxy silane 
dissolved in the same weight of methanol, in which said silane was made by 
the SHINETSU KAGAKU Co. and its tradename was KBM903, was dropped 
onto the silica powder. Then, the mixed powder was heated at 200°C for one 
hour with stirring. After removing the volatile component, said mixed powder 
was cooled to be obtained the surface modified fine silica powder. This 
surface -modified silica powder was hydrophilic. However, the adsorption 
amount of sodium p-toluenesulfonate to this fine silica powder was 15%, In 
addition, the adsorption amount before the surface-treatment was 8%, and 
therefore, the adsorption amount after the surface-treatment was 125% of that 
before the surface treatment. Moreover, the nitrogen content was 0.10%. 

Comparison Example 2 

lOOg of the silica powder synthesized by the vapor phase method and 
having the specific surface area of 380m 2 / g by the BET method, in which its 
tradename was Aerosil 380S, was put into the mixer. While stirring under 
nitrogen atmosphere, 8mmol / lOOg of Yaminopropyltrimethoxy silane 
dissolved in the same weight of methanol, in which said silane was made by 
the SHINETSU KAGAKU Co. and its tradename was KBE903, was dropped 
onto the silica powder. Then, the mixed powder was heated at 200°C for one 
hour with stirring. After removing the volatile component, said mixed powder 
was cooled to be obtained the surface modified fine silica powder. This 
surface -modified silica powder was hydrophilic. However, the adsoiption 
amount of sodium benzoate to this fine silica powder was 19%, In addition, the 
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adsorption amount before the surface -treatment was 15%, and therefore, the 
adsorption amount after the surface -treatment was 127% of that before the 
surface-treatment. Moreover, the nitrogen content was 0.09%. 

Comparison Example 3 

lOOg of the silica powder synthesized by the vapor phase method and 
having the specific surface area of 300m 2 / g by the BET method, in which its 
tradename was Aerosil 1300, was put into the mixer. While stirring under 
nitrogen atmosphere, 4mmol / lOOg of y aminopropyltrimethoxy silane and 
4mmol / lOOg of y(2aminoethyl) aminopropyltrimethoxy silane, which were 
dissolved in the same weight of methanol, were dropped simultaneously in 
which the former silane was made by the SHINETSU KAGAKU Co. and its 
tradename was KBM903, and the later silane was made by Dow Corning 
Toray Silicone Co. and its tradename was SH6020. Then, the mixed powder 
was heated at 200*0 for one hour with stirring. After removing the volatile 
component, said mixed powder was cooled to be obtained the surface-modified 
fine silica powder. This surface-modified sihca powder was hydrophilic. 
However, the adsorption amount of sodium 2-naphthalenesulfonate to this fine 
sihca powder was 10%, In addition, the adsorption amount before the 
surface-treatment was 8%, and therefore, the adsorption amount after the 
surface -treatment was 125% of that before the surface-treatment. Moreover, 
the nitrogen content was 0.08%. 

Example 4 

lOOg of the sihca powder synthesized by the vapor phase method and 
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having the specific surface area of 380m 2 / g by the BET method, in which its 
tradename was Aerosil 380S, was put into the mixer. While stirring under 
nitrogen atmosphere, 70mmol / 100g of Y"(2aminoethyl) 
aminopropyltrimethoxy silane dissolved in the same weight of methanol, in 
which said silane was made by Dow Corning Toray Silicone Co. and its 
tradename was SH6020, was dropped onto the silica powder. Then, the mixed 
powder was heated at 200*0 for one hour with stirring. After removing the 
volatile component, said mixed powder was cooled to be obtained the 
surface-modified fine silica powder. The adsorption amount of sodium 
benzenesulfonate to this fine silica powder was 58%. In addition, the 
adsorption amount before the surface treatment was 19%, and therefore, the 
adsorption amount after the surface treatment was 305% of that before the 
surface -treatment. Moreover, this surface-modified silica powder was 
hydrophilic, and the nitrogen content was 0.95%. 

Example 5 

The surface-modified fine silica powder was obtained like Example 4 
excepting that lOOg of the silica powder synthesized by the vapor phase 
method and having the specific surface area of 200m 2 / g by the BET method, 
in which its tradename was Aerosil 200CF, and 32mmol / lOOg of 
Y aminopropyltrimethoxy silane made by the SHINETSU KAGAKU Co, in 
which its tradename was KBE903, were used. The adsorption amount of 
sodium benzenesulfonate to this fine silica powder was 17%. In addition, the 
adsorption amount before the surface-treatment was 10%, and therefore, the 
adsorption amount after the surface treatment was 170% of that before the 



22 



jjooiibe!! 1, 0 ,1. „ o s ::; ;| !: ..1. 01 e ; 



surface-treatment. Moreover, this surface-modified silica powder was 
hydrophilic, and the nitrogen content was 0.32%. 

Example 6 

The surface-modified fine silica powder was obtained like Example 4 
excepting that the silica powder synthesized by the vapor phase method and 
having the specific surface area of 300m 2 / g by the BET method, in which its 
tradename was Aerosil300 was used, and 20mmol / lOOg of 
Y" aminopropyltrimethoxy silane and 20mmol / lOOg of Y"(2 aminoethyl) 
aminopropyltrimethoxy silane, which were dissolved in the same weight of 
methanol, were dropped simultaneously, in which the former silane was made 
by the SHINETSU KAGAKU Co. and its tradename was KBM903, and the 
later silane was made by Dow Corning Toray Silicone Co. and its tradename 
was SH6020. The adsorption amount of sodium benzenesulfonate to this fine 
silica powder was 38%. In addition, the adsorption amount before the 
surface-treatment was 15%, and therefore, the adsorption amount after the 
surface -treatment was 253% of that before the surface-treatment. Moreover, 
this surface -modified silica powder was hydrophilic, and the nitrogen content 
was 0.68%. 

Comparison Example 4 

The surface-modified silica powder was obtained like Example 4 
excepting that the dropping amount of Y"(2aminoethyl) 
aminopropyltrimethoxy silane to lOOg of the silica powder, was 28mmol / lOOg, 
in which said silane was made by Dow Corning Toray Silicone Co. and its 
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tradename was SH6020, and the silica powder was synthesized by the vapor 
phase method, had the specific surface area of 380m 2 / g by the BET method, 
and its tradename was Aerosil 380S. The adsorption amount of sodium 
benzenesulfonate to this fine silica powder was 13%. In addition, the 
adsorption amount before the surface-treatment was 19%, and therefore, the 
adsorption amount after the surface-treatment was 68% of that before the 
surface-treatment. Moreover, this surface -modified silica powder was 
hydrophilic, and the nitrogen content was 0.28%. 

Comparison Example 5 

The surface-modified silica powder was obtained like Example 5 
excepting that the dropping amount of vaminopropyltriethoxy silane to lOOg of 
the silica powder, was 28mmol / lOOg, in which said silane was made by 
SHINETSU KAGAKU Co. and its tradename was KBE903, and the silica 
powder was synthesized by the vapor phase method, had the specific surface 
area of 200m 2 / g by the BET method and its tradename was Aerosil200CF. 
The adsorption amount of sodium benzenesulfonate to this fine silica powder 
was 11%. In addition, the adsorption amount before the surface treatment was 
10%, and therefore, the adsorption amount after the surface treatment was 
110% of that before the surface-treatment. Moreover, this surface-modified 
silica powder was hydrophilic, and the nitrogen content was 0.18%. 

Comparison Example 6 

The surface -modified silica powder was obtained like Example 6 
excepting that the dropping amount of yaminopropyltrimethoxy silane and 
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Y"(2 aminoethyl) aminopropyltrimethoxy silane to lOOg of the silica powder, 
were 12mmol / lOOg respectively, in which the former silane was made by 
SHINETSU KAGAKU Co and its tradename was KBE903, and the later 
silane was made by Dow Corning Toray Silicone Co and its tradename was 
SH6020, and the silica powder was synthesized by the vapor phase method, 
had the specific surface area of 300m 2 / g by the BET method, and its 
tradename was Aerosil 300. The adsorption amount of sodium 
benzenesulfonate to this fine silica powder was 12%. In addition, the 
adsorption amount before the surface treatment was 15%, and therefore, the 
adsorption amount after the surface treatment was 80% of that before the 
surface-treatment. Moreover, this surface-modified silica powder was 
hydrophilic, and the nitrogen content was 0.23%. 

Comparison Example 7 

The surface modified silica powder was obtained hke Example 5 
excepting that the dropping amount of y aminopropyltrimethoxy silane to lOOg 
of the silica powder, was 30mmol / lOOg, and hexamethyldisilazane was 5mmol 
/ lOOg, in which said silane was made by SHINETSU KAGAKU Co and its 
tradename was KBE903, and the silica powder was synthesized by the vapor 
phase method, had the specific surface area of 200m 2 / g by the BET method, 
and its tradename was Aerosil 200CF. This surface modified silica powder was 
hydrophihc, and the adsorption amount of sodium benzenesulfonate to this 
fine silica powder could not be measured. The nitrogen content of this silica 
powder was 0.22g. 
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Comparison Example 8 

The surface-modified fine silica powder was obtained like Example 4 
excepting that lOOg of the silica powder synthesized by the vapor phase 
method, having the specific surface area of 150m 2 / g by the BET method, was 
used, in which its tradename was Aerosil 150, and the dropping amount of 
Y (2 aminoethyl) aminopropyltrimethoxy silane was 400mmol / g, in which 
said silane was made by Dow Corning Toray Silicone Co. and its tradename 
was SH6020. The adsorption amount of sodium benzenesulfonate to this fine 
silica powder was 10%. In addition, the adsorption amount before the 
surface-treatment was 8%, and therefore, the adsorption amount after the 
surface-treatment was 125% of that before the surface-treatment. Moreover, 
this surface-modified sihca powder was hydrophilic, and the nitrogen content 
was 0.12%. 

Example 7 

25 weight parts of the surface-modified fine sihca powder prepared in 
Example 4 was dispersed in the solution by the wet jet mill to prepare the 
sihca slurry, where the solution comprised 10 weight parts of polyvinyl alcohol 
made by Kuraray Co. and having the tradename as PVA220, 70 weight parts of 
water, and 5 weight parts of acetic acid. pH of this slurry solution was 4.5. 
Moreover, the viscosity was 1 to 15mPa s at 22^ and the sharing speed of 
0.15 to 100 / sec. Water and polyvinyl alcohol were added to this sihca slurry 
solution until that the sihca concentration became 13% and polyvinyl alcohol 
concentration became 10%, and said mixed solution was dispersed by the 
homogenizer to make the forming liquid of the ink acceptor layer. This forming 
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liquid was coated on a non coated ink-jet paper by the bar coater method to 
make the layer thickness of 8um after drying, in which the non coated paper 
was made by Mitsubishi Paper Mills Ltd. and its tradename was IJL. When 
this paper was printed by using the color ink-jet printer made by Canon Co. 
and having the tradename as BJF-600, there were no cracking of coating film 
and blotting with ink. 

Comparison Example 9 

The silica slurry solution was prepared like Example 7 excepting that 
25 weight parts of the surface-modified fine silica powder prepared in 
Comparison Example 4 were used. pH of this solution was 3.9, and the 
viscosity was measured to be 40 to 160mPa-s by the same process as Example 
7. In addition, water and polyvinyl alcohol are added to this silica slurry 
solution until that the silica concentration was 13% and polyvinyl alcohol 
concentration was 10%, and said mixed solution was dispersed by the 
homogenizer to make the forming liquid of the ink acceptor layer. When the 
paper coated this forming liquid like Example 4 was printed like Example 7, 
there were no cracking of coating film, but some blotting with ink were 
observed. 
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[Effectiveness on industry] 

The surface-modified fine silica powder of the present invention has 
the excellent effect as the mixing material of the printing material. When said 
fine silica powder is mixed to use for the ink acceptor layer, there are no 
blotting with ink and cracking of coating film etc., and the excellent printing 
effect can be obtained. Specifically, in the printing by the ink-jet, there is no 
blotting with ink, and excellent clear nature and fixing of ink are obtained. 
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[What is claimed is] 

[l] A surface-modified fine silica powder for adsorbing the anion source 
compound, 

wherein the adsorption amount of the anion source compound to the 
surface-treated fine silica powder is more than 150% of that of the original 
powder before the surface-treatment. 

[2] The surface-modified fine silica powder according to claim [l], 
wherein the anion source compound is the surfonate or the carboxylate, and its 
adsorption amount is more than 150% of that of the original powder before the 
surface-treatment. 

[3] The surface-modified fine silica powder according to claim [l], 
wherein the anion source compound is sodium benzenesulfonate, and its 
adsorption amount is more than 15% of the additive amount to the fine silica 
powder. 

[4] The surface-modified fine silica powder according to claim [l], 
wherein the nitrogen content is 0.3 to 1.0%, and the adsorption amount of 
sodium benzenesulfonate is 15 to 60%, after the surface-treatment 

, [5] The surface-modified fine silica powder according to any one of 
claims [l] to [4], 

wherein the adsorption amount of the anion source compound is made to more 
than 150% of that of the original powder before the surface-treatment, by 
surface-treating with a treatment reagent containing amino group comprising 
the organic silicon compound having the hydrolysis group or the sdanol group 
combined with silicon atom, and more than one kind of amino group. 

[6] The surface -modified fine silica powder according to claim [5], 
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wherein the treatment reagent containing amino group is surface-treated with 
an organosilane shown in the general formula [l] of (Rl) n • (R2)SiY( 3 - n ), where 
Rl is a monovalence hydrocarbon group, R2 is a hydrocarbon group containing 
more than one kind of the amino group, Y is a hydrolysis group or a hydroxyl 
group, and n is 0, 1, or 2. 

[7] The surface-modified fine silica powder according to claim [6], 
wherein lOOg of the fine silica powder is surface modified under dry-process 
using more than lOmmol of one or more than two kinds of organosilane shown 
in the formula [l]. 

[8] The surface-modified fine silica powder according to any one of 
claims [l] to [7], 

wherein the original fine silica powder is fumedsilica having the specific 
surface area of 50 to 400m 2 / g by the BET method. 

[9] The surface -modified fine silica powder according to any one of 
claims [l] to [8], 

wherein said fine silica powder is hydrophilic, and is used as the material of 
the ink acceptor layer of the printing material. 

[10] A low viscosity silica slurry comprising the fine silica powder 
according to claim [l], 

wherein the adsorption amount of the anion source compound is more than 
150% of that of the original powder before the surface treatment, the specific 
surface area is 200 to 400m 2 / g by the BET method, nitrogen content is 0.3 to 
1.3%, and the viscosity is 1 to 50mPa s under pH of 3 to 6 and the silica 
concentration is 15 to 30%. 

[11] A forming material of the ink acceptor layer containing 5 to 
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30% of the surface-modified fine silica powder according to any one of claims 
[1] to [10]. 

[12] An ink jet printing material coated with the liquid comprising 
the material of the ink acceptor layer according to claim [ll]. 
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Abstract 

A surface modified fine silica powder which has been treated, preferably, with a treating 
agent containing an amino^group, characterized in that the powder exhibits an adsorption amount 
for an anion source compound of 150 % or more of that of an original powder which has not 
been treated; and a printing material using the silica powder. The surface modified fine silica 
powder can provide an excellent printed matter being free from blotting with ink or a cracking of 
coating film. 
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I hereby state that I have reviewed and understand the 
contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is 
material to patentability as defined in Title 37, Code of 
Federal Regulations, § 1.56. 
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Japanese Language Declaration 



*H&Jfcl&35iSI119&(a)-(d)JS;m365& (b) JS 

Tv^#fm;^;ft365(a)JSjcs-3< ai^m®. xnnm 



Prior Foreign Application(s) 

11-268565 Japan 

(Number) (Country) 
(#-§0 <B£) 

fAtt,^35|g^H&All9^ (e) ^tcS-JV^TTIEW^H 



I hereby claim foreign priority under Title 35, United States 
Code, § 119 (a)-(d) or 365(b) of any foreign application(s) 
for patent or inventor's certificate, or § 365(a) of any PCT 
International application which designated at least one 
country other than the United States, listed below and have 
also identified below, by checking the box, any foreign 
application for patent or inventor's certificate, or PCT 
International application having a filing date before that of 
the application on which priority is claimed. 

Priority Claimed 

22 September 1999 El □ 

(Day/Month/Year Filed) Yes No 

I hereby claim the benefit under Title 35, United States 
Code, §11 9(e) of any United States provisional 
application(s) listed below. 



(Application No.) (Filing Date) 

(ttiBi#-§-) (tama) 

5Rtt, TE©#S&Jltf535|I120*U:a;^TTiE©#BI 

¥mmm\cfsm & tutzmm. wzmm ux v > 5 asm « 

Jj&m365& (c) «<J<«F<J*rric^3SU*-r 0 



PCT/JP00/06507 September 22, 2000 

(Application No.) (Filing Date) 

(W»*) (WJSr3) 



(Application No.) (Filing Date) 

I hereby claim the benefit under Title 35, United States 
Code, § 120 of any United States application(s), or § 365(c) 
of any PCT International application designating the United 
States, listed below and, insofar as the subject matter of 
each of the claims of this application is not disclosed in the 
prior United States or PCT International application in the 
manner provided by the first paragraph of Title 35, United 
States Code, § 112, I acknowledge the duty to disclose 
information which is material to patentability as defined in 
Title 37, Code of Federal Regulations, § 1 .56 which became 
available between the filing date of the prior application and 
the national or PCT International filing date of this 
application. 



(Status: Patented, Pending, Abandoned) 

msL : mmmfk. mm*, tsmm 



(Application No.) (Filing Date) 

^ciSMm^ixSr Z\^X*:<DZ.bt£lftM\^£Z>m& 



(Status: Patented, Pending, Abandoned) 

mu : «fwsr#, mm*, tmm 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further 
that these statements were made with the knowledge that 
willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code and that such willful false 
statements may jeopardize the validity of the application or 
any patent issued thereon. 
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Japanese Language Declaration 



it) 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to 
prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith: (list 
name and registration number) 



II III I! II II! Ill 

022850 

1£Mt£H9g Send Correspondence to: 

■HUM 

022850 

tt^flf£3S*&:$fc : (.^tWiRt^WM^F^-) Direct Telephone calls to: (name and telephone number) 

(703) 413-3000 



Full name of sole or first inventor 
Hjrokuni SHIRONO 



Inventor's signature 



Residence 

c/o YOKKAICHI FACTORY, NIPPON AEROSIL 
CO., LTD., 3, Mita-cho, YoJ<kaicJh>shi, Mie 510- 
0841, Japan c&)( 



mm 



Citizenship 
Japan 



Mailing Address 
Same as above 



Full name of second joint inventor, If any 
lyiasamtchj MUROTA^ 



Second inventor's signature 



c/o YOKKAICHI FACTORY, NIPPON AEROSIL 
CO., LTD., 3, Mita-cho, Y okkaichi-sh^ Mie 510- 
0841, Japan CnA- 



Citizenship 
Japan 



Mailing Address 
Same as above 



Page 3 of 4 



■i;.Oioee.i.o i, ... o -..a .■ <o 



Japanese Language Declaration 







Full name of third joint inventor, If any 
Yuki AMANO 






Third inventor's signature Date 


mm 


Residence 

c/o YOKKAICHI FACTORY, NIPPON AEROSIL 
CO., LTD., 3, Mita-cho, Yokkaichi-shi. Mie 510- 
0841, Japan CPf^X 


mm 


Citizenship 
Japan 




Mailing Address 
Same as above 
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